The paper gives an overview of an approach to modelling and evaluating business processes at conceptual level. We show which steps would be needed to create an object-oriented business process model, and how business process models can be evaluated against nonfunctional goals. Overall, we get some kind of guarantee that business process models are useful. They facilitate not only the communication between team members, they can be seen as an essential prerequisite for information system developers. Nevertheless, although models are useful we have to accept that an evaluation of a business process can only be partial if it is carried out at model level.
Introduction
In the business process modelling community, considerable attention has been given to the modelling of certain aspects of business processes (e.g. roles, activities, interactions), throughout which there seems to be a general recognition that these processes serve goals. This said, amidst the many debates about various modelling formalisms (e.g. IDEF0 versus Role Activity Diagrams versus Petri-nets, etc.) little attention is paid to the value of making goals explicit or to the fundamental purposeful nature of the system we are modelling. A further shortcoming of today's modelling approaches is, they do not give enough attention to the evaluation of models at the conceptual level. Instead, IT-systems are built and the evaluation task is carried out primarily at implementation level. In contrast, we explore the benefits and feasibility of evaluating a created process model at an early stage. The advantage we get is twofold: First of all, errors or inappropriatenesses are detected earlier what result in fewer costs. Secondly, non IT-relevant aspects (e.g. the way activities are carried out by human actors) can come to light. This paper is structured as follows: First, through analysis of literature and reference to the authors' empirical work we look at the value of modelling goals. Secondly, we present in outline a design method for modelling business processes in which the concept of the 'goal' is fundamental. This approach can be characterized as being, in the main, concerned with the construction of a process from its functional goals. Thirdly, we look beyond the current scope of the method to the evaluation of the process designs. We explore some of the current approaches and explore whether process modelling can assist in the appraisal of the non-functional effectiveness of processes at the design stage. In conclusion, we summarize by presenting some strengths and weaknesses of our approach and raise some open questions.
In order to characterize the approach developed in this paper, we can give an analogy: the modellers as an architect. We are concerned with the way the architect uses statements about the purposes of the building to structure its design. Then, we are concerned with the way in which the design can be evaluated in order to gather clues about the likely impact of the building itself. Of course, what is really important is that the building is successful just as the ultimate concern of the business process modeller is an effective organization (not the popularity of the model). With this regard the argument in this paper is that the explicit use of goals to shape the design, and then their utilization to appraise the design, might contribute to the creation of the effective organization we seek. Note that the paper will refer to the 'modeller' and the 'designer' synonymously. This may be taken to refer to an individual, but we think it more likely and preferable that process design will be undertaken by a team made up of modelling experts, business advisors, IT specialists, domain experts and managers: All of these people are process designers.
In a design project, during the modelling of business processes, the modelling team is confronted with the following question: How good is the design of this business process? The question invites many different responses but the most obvious riposte is probably to ask: What do you mean by good? In other words, we accept that the business is a complex system which is made up of many people, each of whom have their own beliefs about how it should operate as well as their personal hopes, aspirations and motivations. That is to say, we accept that what makes a business process good is a subjective matter.
To summarize, the failure to rigorously understand and assess goals risks directionless modelling, design that is almost by definition not fit for purpose, and makes a business process assessment -at both pre and post-implementation stages -impracticable. Therefore part of the discipline of business process modelling must be the representation of goals, an understanding of how they shape the form of the process and their use in evaluation and assessment. The empirical evidence that we have so far, e.g. [Kueng et al. 96] and [Warboys 96] , supports this view that the modelling of goals is a critical step in the creation of useful process models.
Definitions
In this section we seek to develop a usable set of definitions suitable for the purposes of this paper. Recognising that the development of methodology eventually blurs with the development and use of language, and that language evolves, we are only seeking to develop a working understanding of the problem domain. Precise and wholly sustainable definitions are beyond our immediate concerns.
Goal: According to [Loucopoulos/Karakostas 95, p. 84] , goals express intentions and capture the reasons of the system to be built. By the act of creating goals, according to [Haberfellner et al. 92, p. 135] , we initiate the question: What are we trying to achieve, what are we trying to avoid respectively? The answers we get are called goals. In our context, goals are statements which declare what have to be achieved or even avoided by a business process. Goals and objectives are treated as synonyms within this paper.
Business process: According to [Feiler/Humphrey 93] and [Hammer/Champy 94, p. 35 ] a business process can be seen as a set of partially ordered activities intended to reach a goal. From this it can be proposed that a business process consists of the following five elements: (1) One or more customers; company-internal as well as company external customers. (2) An output; i.e. products and services to be delivered to customers. (3) Activities (sometimes referred to as process steps or working steps) which create value for the customer. (4) Agents (who are assigned to roles) which carry out the activities of a business process. (5) Information and materials required to perform activities.
Business case:
In the view of a process participant, the core element is not the business process, it is the business case. This is the instance of a business process; e.g. 'loan application No 5971' or 'Insurance Claim of Mr. D. Thomas'. Business cases have to be carried out by people.
Business process model:
Using the elements above, we can define a business process model as a generic description of a class of business cases. Business process models describe how business cases have to be carried out. They highlight certain aspects and omit others. A conceptual business process model is partially independent of a particular IT or organizational environment. An executable model is customized to a particular environment, it may be instantiated to carry out a specific business case [Garg/Jazayeri 96, p. 16] .
Role: Following Ellis and Wainer: "A role is named a designator for an actor, or grouping of actors (...). A role may be associated with a group of actors rather than a single actor (...). An actor is a person, program, or entity that can fulfill roles to execute, to be responsible for, or to be associated in some way with activities and procedures" [Ellis/Wainer 94, pp. 78] . According to Park et al. "... a role is a unit of defined responsibilities that may be assumed by one or more individuals. (...) One person could perform in multiple roles, or each role could be performed by separate individuals" [Paulk et al. 93, pp. 64] .
The significance of goals and models
Human action is primarily driven by goals [Scherer/Zölch 95, p. 389] . In other words, humans have targets, wishes, desires, purposes and they try to achieve them. They try to achieve them by doing some things and by avoiding (i.e. not doing) other things. The challenge to the modeller seems to be fourfold: (1) they have to capture the different kind of goals from the business process participants; (2) they have to assess the captured goals for compatibility; (3) they have to manage inconsistencies; (4) they have to create business processes which fulfil 'all' goals. Following Scherer/Zölch, we may say, we need goals because human action is driven by goals. But, can we be more specific? Or to put a rather different emphasis on it: What are the difficulties and problems if we do not declare the goals in the modelling process? Several difficulties seem to arise:
• We need to be able to state what we want to achieve so that we are then able to define the necessary activities which a business process should encompass (i.e. goals are used to structure the design).
• A clear understanding of goals is essential in the management of the process of selecting the best design alternative (i.e. goals are used to evaluate the design).
• A clear understanding of goals is essential for it to be possible to evaluate the operating quality of a business process (i.e. goals are used to evaluate the operating process).
• A clear expression of goals makes it easier to comprehend the organizational changes that must accompany a business process redesign. For example, it may include transformations concerning organizational power and controls, reporting relationships, management practices, incentives, job description, job changes, skill requirements, and training (i.e. goals help the modeller to better understand the broader implication of design, beyond those of the business process itself).
By looking at goals one can see that different categories of goals exists. The most obvious and commonly used differentiation (especially in the field of systems engineering) is whether goals are functional or nonfunctional. To illustrate the difference, we refer the insurance example in [Kueng et al. 96] : A functional (business process-dependent) goal may be "sell insurance"; an example of a nonfunctional (business process-independent) category may be "high autonomy" or "having an integrated job", cf. section 6. In a business process, we may also be concerned with what may be rather more ephemeral concerns such as impressing the customer with politeness and punctuality or ensuring that all staff are motivated and happy. Thus there may be non-functional qualifiers such as 'complete functional goal within ten days' or 'ensure staff like working in this way'. Whilst functional goals have to be defined for every business process, nonfunctional goals can be defined for an organizational unit, for a company, or even for a whole society which shares the same world view.
And why should we bother with business process modelling? Perhaps the answer is obvious. Managers, systems analysts and their ilk, all those who use business models of one sort or another, are concerned with managing complexity. The models that they use are explicit representations of the form that they understand the business to take. Moreover, the process of creating the model is a learning process. In their creation, knowledge is gathered, assumptions are tested and dilemmas are confronted. It being a modelling process, this knowledge is always partial but the richness of the model possessed by those who seek to manage a process is critical to their ability to do so; cf. [Beer 79 ]. This point is fundamental. It leads to the hypothesis that business process modelling is a prerequisite to the design and management of what we believe to be a good business process.
Nevertheless, to re-state, models highlight just a part of a real domain. They are themselves cast from a series of assumptions and though they may be described in a formal language (e.g. Petri-net), their relation with that which they model is not entirely formal. In simple terms, although modelling is essential it does not entirely free us from the uncertainty of management; see [Lehman 91 ] for a discussion of this in the context of software engineering. The implications are manifold. For example, aspects of process behaviour represented in a model may not perform in the same way in reality. Secondly, by looking at models, we might be attracted to define evaluation criteria which we can apply to a model. This might be useful but the real concern is what criteria have to be fulfilled by the future implemented business process. Faced with such difficulties the appropriate strategy is to find ways of managing what is an inherently uncertain system. It is at this point that the world of business process modelling comes of necessity to address systems theory in seeking the mechanisms and structure of change. The reader is directed to several sources in this area which lies beyond the more restricted remit of this paper, e.g. [Warboys 96] , [Beer 79 ].
To summarize, human activity can be described as inherently purposeful. [Winter et al. 95] show how alternative conceptualizations of the purpose (functional and nonfunctional goal) of an organization lead to differing behavioural and IT requirements (business processes). The example they use is a prison. If it is understood to be a system of rehabilitation, then it will be required to perform processes which facilitate the educational, psychological and recreational development of the inmates (e.g. therapy programmes). If it understood to be a system of punishment then it will be required to perform processes which facilitate the physical and mental discomfort of the inmates (e.g. chain gangs). The operational processes which result from these alternative conceptualizations are very different as they are determined by the goals which the system is intended to fulfil.
For our purposes in this paper, we seek to make clear the assumptions and conclusions. They can be seen as concentrate of the above presented ideas. A short discussion about modified assumptions follows at the end of the paper.
A goal-based approach to business process modelling
In this section we describe a way of building process models from a statement of goals. Thus, we are concerned with the structuring of a model from these goals and the transformation of goals into objects where appropriate. It is common to prescribe business methods as a number of discrete steps. However, intuitively it seems unlikely that requirements will be elicited/collected in one and only one step. Given that we are dealing with problems that are complex, subjective and dynamic it would seem to be better to take an adaptive and cyclical approach. In other words, we regard the process of creating and implementing a new business process as a cycle, in which each phase is carried out several times and the composed documents are extended in an incremental way.
The presented business process modelling method seeks to define the following aspects:
• Why has something to be done? -> define goals • What has to be done? -> define activities and output • When has it to be done? -> define logical dependencies between activities • By whom has it to be done? -> define roles (carried out by human and machine actors) and assign them to activities Assumptions 1: Human action is goal-driven.
2: Goals can be captured.
3: Goals are shared among business process participants.
4:
The main aspects of business processes can be expressed by conceptual business process models.
Conclusions
A: Business processes have to fulfil goals.
B: Goals have to influence conceptual business process models; i.e. each goal has to find expression in some aspects of the business process model. C: Conceptual business process models are an important prerequisite for implementing new business processes.
Subsequently we give an overview concerning the process of business process modelling and describe shortly how business process-dependent goals can be transformed into a conceptual model. A more detailed description can be found in [Kueng et al. 96 ].
Figure 1. The major steps in order to create a business process model
Step 1: Definition of business process-related goals, goal measurement criteria, and restrictions
In the first modelling step, goals have to be captured and represented graphically. The objective is to reduce or decompose process-related goals until they can be transformed into activities which have to be carried out within the process. It is useful to note that this method allows to be defined in the positive sense of "ensure that something happens" and also in the negative sense of "ensure that something does not happen". In addition to goal definition, we have to define the measurement criteria by which to assess the extent to which goals have been fulfilled. Furthermore, step 1 includes also the definition of legal, technical, and social restrictions which have to be considered at execution time of a business Certainly, this is a simplistic view. By creating a Goal/Means-Hierarchy, a problem we will face is that goals have different relationship to each other: some are contradictory, others are interdependent, and several are complementary. Furthermore we have to deal with the fact that different goals get different priorities.
Step 2: Derivation and definition of business activities
As a general rule, cf. [Hammer/Champy 94] , business processes should only include such activities which create value for the customer. In other words, activities have to make a contribution to the functional business process goals. What does it mean more precisely? In the terms of this method the activities have to be derived from the Goal/Means-Hierarchy and each leaf from this hierarchy has to be transformed in at least one activity. If the modeller is not able to derive an activity from a certain leaf, the Goal/Means-Hierarchy has to be refined further. As we have already inferred, it is not sufficient, to derive activities from the business process goals. We have also to take into account the goal measurement criteria, and the restrictions. That is; (1) we have to define activities which are able to measure and judge to which extent the defined goals are fulfilled, and (2) we have to define activities which ensure that the restrictions of a business process are adhered to. This leads to the conclusion, that business processes subsumes both value added and non-value added activities.
After deriving the essential activities and presenting them in a Goal/Activity Model, we describe these activities more precisely. In other words, we have to define which input has to be available, so that activities can be carried out. Similarly we have to describe which output a particular business process activity has to produce. This information will be presented by an Input/Output- Table. Following this we check the consistency of the Activity Model. This requires that we look at the Input/Output-Table and ask two questions: (1) Is every input that is needed by an activity, produced by another activity? (2) Is every output, produced by a certain activity, delivered to customer or used as input by another activity?
Although there are requirements of flexibility in modern businesses, activities within a process cannot be carried out in any arbitrary order: Activities depend upon inputs being available. In other words, by looking at the Input/Output- Table, we deduce the logical and temporal dependencies between activities and may define which activities can be carried out sequentially, alternately or concurrently. In order to show the execution order of the business process activities, we apply Petri-nets; and within this category we use condition/event nets.
Step 3: Description and assignment of roles Activities have to be carried out either by human actors or by machine actors. In step 3, we first define the required (human or machine) role and secondly we have to make 'good' links between activities and roles. 'Good' is used in the sense that we have to assure that two objectives are fulfilled: (1) Business cases can be carried out in an efficient way; e.g. the output has to be produced with few resources.
(2) The work environment and the work conditions are human-oriented; e.g. instead of many particular specialized workplaces we should create "self-contained units" and "integrated jobs". Without careful role assignment we may unintentionally develop hierarchical departmentalized structures and, overly tailored and constrained job specifications. This might then have a negative impact on the motivation of the staff. This in turn may lengthen cycle time and may decrease customer satisfaction. Within step 3 we also have to define, which activities have to be carried out either by humans or by machines.
Step 4: Modelling of objects
After defining the business process-related goals, the essential activities, the input and output for each activity, and assigned the activities to roles, we have to create an object-oriented model which can be seen as a prerequisite for an implementation of the IT-oriented part. In the phase called 'Object Model-ling', we have to answer the following questions: Which object classes should our model subsume? What does the life cycle of the objects look like? How do these objects interact? In order to describe these three aspects, the software engineering community deals normally with three different models: Object Relationship Models, Object Behaviour Models, and Object Interaction Models. The business process modeller may raise the question: Concerning object-oriented modelling, is there a difference between an IT-related model and a business process-related model? The main difference lies in the way of structuring object classes. A class is normally defined as a set of objects, and these objects share a similar static and dynamic structure; i.e. their attributes and methods have to be identical or nearly identical. The situation concerning object-oriented business process models is different: In order to get an easily understandable and modifiable model, we distinguish three categories of object classes:
• Business case classes: Objects of this class describe and control the sequence of events. Their attributes describe the actual states of the running business cases, and they define the relationships between a certain business case and the associated classes. In other words, business case classes define the main characteristics of business processes. The identification of business case classes is straightforward: Each business process has one business case class. The name of this business case class would be identical to the name of the business process itself.
• Input/output classes: These classes subsume objects which will be modified during the execution of a business case. In contrast to business case classes, objects of this classes are passive, i.e. they can not initiate an action or a communication with other objects. The names of the input/output classes come from the Input/Output Table; cf. step 2.
• Role classes: Objects of this classes are human actors and machine actors. They are active (i.e. able to initiate actions) and carry out business process activities. We identify role classes through the Role Activity Model (created in step 2): Each involved role becomes a role class.
In order to present the Object Relationship Model, we can use one of the well known object-oriented notation, e.g. [Embley et al. 92 ]. As mentioned above, Object Behaviour Models and Object Interaction Models have to be developed in the same way as they are commonly developed for IT systems and for this reason we refrain from further description.
In this section we have shown how goals can be transformed into activities, how we can assign them to roles and how the derived model can be transformed into an object-oriented model which can be used by an information system developer to create the automated part of a business process. That is, we have been concerned with functional goals and the design of a process to their service. One question remains, this is: Does the designed system (i.e. the business process model) fulfil not only the functional but also the non-functional, business process-independent goals? To address this question we develop a framework. First, we show some business process-independent goals (they have to be addressed in most cases) and present some means in order to achieve them. Secondly, we apply the framework to different examples of business processes.
The evaluation of a business process
In this section we move on one step. It is just one step for we attempt to exploit the window of opportunity that exists when a design has been created but not implemented. From the comments of [Adomeit et al. 92, p. 330] in the sphere of software process modelling, we can propose that the analysis of business process models can accomplish two things. First, it can assist in the detection of errors in the business process model; i.e. the business process model does not take the form intended for it. Secondly, for detecting errors in the business process; i.e. the business process model reflects what it was intended to reflect but it suggests that the process of carrying out a business case is inefficient, erroneous or in some other way unsatisfactory. It follows that before transforming a conceptual business process into an executable system, we want to know as far as possible, if the designed business process is a good business process. Taking a goal-oriented view, one might say, we have to assure that the designed business process fulfil the defined goals -business process-dependent goals as well as business processindependent goals.
Requirements mentioned in BPR-related literature
We can return to our original hypothetical question: How good is the design of this business process? A lot of advice is proffered in the literature. The following fragmentary list is based upon a survey of a few referenced books. The suggestions and advices have been divided -according to the presented modelling steps, cf. figure 1 -into three categories: activity modelling, role modelling, and object modelling. The points have to be understood as requirements which their authors propose must be taken into account in order to design a 'good' business process. They will be used later on to formulate some typical goals which shall be used as simple test cases to see how effectively they can be appraised on a pre-implementation, conceptual level.
Aspects to be considered within Activity Modelling:
• In good business processes, step X begins as soon as step X-1 has collected enough information to get it started [Hammer/Champy 94, p. 54] . In our words, during activity modelling we should maximize the degree of parallel running activities.
• Checking and control activities are used only to the extent that they make economic sense [Hammer/ Champy 94, p. 58] . This statement raises questions about how economic sense of control activities can be estimated at a pre-implementation stage.
• Performance should not be measured only at the end of a business process, because people want 'immediate' feedback [Harrington 91, p. 168 ]. An important prerequisite to achieving this is that business process performance measurement points should be close to each activity.
• There should be few buffers within a business process in order to avoid a high actual working time / cycle time ratio [Davenport 93, p. 32].
• Checking activities (e.g. fault detection) should be near the source [Ould 95, p. 161 ].
• Productivity and quality are measured for important activities across all business cases [Paulk et al. 93 ]. This statement is related to level 3 of the Capability Maturity Model for Software (CMM).
Aspects to be considered within Role Modelling:
• In good business processes "... many formerly distinct jobs and tasks are integrated and compressed into one" [Hammer/Champy 94, p. 51 ]. Hammer and Champy mention also that it is not always possible to compress all of the process steps into one integrated job; e.g. the steps are carried out in different locations.
• Those who use the output of a business process should perform the business process [Hammer/ Champy 94, p. 56] . This statement gives on one hand information who should be assigned to a certain activity, and on the other hand, it gives a hint by which criteria we can group activities in order to form good business processes.
• In good business processes, human actors are doing a meaningful and integrated job [Scherer/Zölch 95] .
Aspects to be considered within Object Modelling:
• A good business process can be tailored to deliver customized outputs [Davenport 93, p. 77] . And
Hammer/Champy add: "Processes have multiple versions. (...) Processes with multiple versions or paths usually begin with a 'triage' step to determine which version works best in a given situation [Hammer/Champy 94, p. 55 ].
• We should have few interactions between roles, because they do not add value and they introduce delays (buffers). We can reduce the number of interactions by (a) adding extra decision making, (b) by higher skill level, (c) by restructuring the roles, [Ould 95, pp. 157 ].
• Human actors have possibilities for social interactions [Scherer/Zölch 95, p. 388 ].
• The business process is documented and well defined; i.e. readiness criteria (pre-conditions), inputs, standards and procedures for performing the work, verification mechanisms, outputs, and completion criteria (post-conditions) are defined [Paulk et al. 93 ]. This statement is related to CMM, level 3.
Overall this list suggests that there is no shortage of advice about what makes a business process good. In some cases the positions taken are supported by case studies. Yet, the various positions are fragmentary; each may form part of a greater manifesto but none forms part of a methodological framework for evaluating processes. Such evaluation frameworks do exist in the fields of Total Quality Management and software process research. They constitute sets of goals, business process independent for the most part, to be applied both at pre and post implementation stages in order to appraise how good a design is.
Before proceeding, we want to draw readers attention to the diverse activities within the field of software processes -a certain category of business processes. Today, there exists three important institutions/projects who deal with definition and quality measurement of software processes. First of all, the Capability Maturity Model for Software (CMM), developed by the Software Engineering Institute in Pittsburgh. The primary objective of the CMM is to encourage, facilitate and identify genuine process improvement in organizations that develop software; cf. [Paulk 95] and [Herbsleb/Goldenson 96] . It describes five levels of process maturity: Initial, Repeatable, Defined, Managed, and Optimizing. A second institution which deals with quality aspects of software processes is the International Organization for Standardization (ISO). This institution produced, among others, the two standards ISO 9001 and 9000-3 which specify quality-system requirements for use when a contract between two parties requires the demonstration of a supplier's capability to design and supply a software product [Paulk 95a, p. 78] . The third activity in the field of quality assurance is a project, called SPICE (Software Process Improvement and Capability dEtermination). The aim of SPICE is not to define new requirements and assessment methods -in contrast, they first validate the usefulness of already existing approaches being developed by various organizations, projects, and initiatives, and secondly, SPICE tries to harmonize these different approaches; cf. [Rout 95 ].
The small literature survey showed that some characteristics of good business processes are given. However, they relate to implemented business processes and cannot be applied directly on a pre-implemented stage for evaluating processes at model level.
Some selected general requirements
A business process involves different persons: customers, employees, owners, suppliers, competitors, and communities. All of them have different views, a different understanding by the predicate 'good', and apply different means for achieving a specific goal. Using the selected requirements outlined above as a background, here we develop a scenario of user goals. This is used later to explore the ability to evaluate process designs before they are implemented. The scenario describes two quite different views: The view of a manager and the view of a process performer; i.e. a human actor. To build a better understanding of the two views, we caricature them to a degree: A manager (especially a process manager) has a bird's-eye view and sees an arrangement of activities which have to be undertaken by human actors and machines to achieve a required output. This manager's view is somewhat mechanistic. To achieve a goal, he or she has to arrange the resources (human, tools, customer relationships) in an optimal way. Among the goals of this manager may be: high business process autonomy, short cycle time and low cost; cf. table 1. On the other hand, a process performer does not look at one particular business process. His viewpoint focuses upon his tasks which may relate to different business processes. This means, business process goals, which may be valid at the top level of a business process, are not relevant in the same way as they are for the process manager. The more immediate focus to the process performer is the degree of satisfaction of his process-internal and process-external customers. Perhaps even more important than these might be his personal satisfaction with the working conditions. These may involve an integrated job, high autonomy, or possibilities for informal communication; cf. 6 An exploration of the evaluation of selected goals.
Those goals that follow are taken from tables 1 and 2 as representing typical outcomes that may be expected of many processes. The question considered is: How can these goals be evaluated using process models?
High business process autonomy
According to [Feiler/Humphrey 93, p. 37 ] the degree of autonomy indicates the extent to which business cases within a business process are independent of other business cases within other business processes. In software engineering terms, a software is called autonomous, if their modules are loosely coupled but highly cohesive. The advantage of autonomous, loosely coupled business processes is obvious. The business process performer may act in an independent way, they may arrange their work how they want, and last but not least a breakdown of an autonomous business process has a lesser impact on other business processes than a more tightly coupled one. Generally speaking, high business process autonomy may be achieved by ensuring that the resources needed for carrying out business cases are available within its own control. This is the basis 'end to end' thesis of BPR wherein a single process is configured with the organization to manage customer request through to customer satisfaction. How can we achieve this? The principal means is the way we group activities to business processes. In order to get high autonomy, business processes should encompass only such activities which do not require cross-process communication. If we need input (data and material as well as human knowledge) from another business process, or we have to deliver output to another business process, we risk that this input/output can not be delivered within the required time.
How can we check the degree of business process autonomy? Of course, a comprehensive check is inordinately complex -too many parameters influence the autonomy. However, one of the major cause for low autonomy concerns the input which is needed by activities. As a general rule, any input, which is needed for carrying out an activity within a certain business process has to be delivered or produced within the same business process. In order to check this aspect, we have to find out how many activities within a certain business process need input which is produced by business process external activities. The higher this proportion, the lower the business process autonomy.
How extensive is the autonomy in our examples; i.e. to which extent are business cases within a business process independent of other business cases within other business processes? In order to answer this question, we look at the flow of information (cf. figures 2, 3 and 4), at the exchange of information between different business processes. Whilst RADs (Role Activity Diagrams [Ould 95 ]) subsume the flow of information, Petri-net based diagrams do not show this aspect. In other words, we are not able to determine the degree of autonomy concerning figure 4. What about figures 2 and 3? If no interaction links are hidden (e.g. potential links to process-external activities are showed), we may say that the degree of autonomy in the business process "Composing and reviewing of a business report" is very high.
Low operational costs
It is obvious why a good business process should not cause high costs -implementation costs as well as operational costs. As implementation costs may not be calculated on the basis of business process models, we consider only operational cost. In order to assess a business process on conceptual level, we may be interested in the amount of operational costs a business process causes. But, evaluating different techniques for estimating the operational cost of a new, not yet implemented business process is beyond the scope of this paper. Instead, we want to address the question how we can achieve low operational costs. In the context of business process assessment, the major question will be: Is there a potential to reduce costs? In order to find an answer, we check the business process model concerning two aspects and ask the following questions: (1) How big/small is the proportion of automated activities? (2) How big/small is the proportion of non-value added activities? These relate to the general BPR remedies of cutting that which does not add value and of automating that which is done better by machine than by a person. Certainly, there are other factors which influence the operational costs as well (e.g. staff motivation, cycle time), these aspects are discussed later.
Are today's business process models able to provide information in order to answer the two mentioned questions? The answer seems to be that partially they are. In order to answer the first question, we simply have to have an attribute for every activity which let us know whether an activity is carried out by a human or by a machine actor. In our small examples (cf. figures 2 to 4), every activity is assigned to human actors. Of course, this does not always happen, but during modelling on a relatively high level this is the normal case. Do our examples provide information about the proportion of non-value added activities? Unfortunately not, because the showed activities have not been analysed concerning cost drivers and non value-adding activities. In order to do that, the concepts of Process Value Analysis or ActivityBased Costing may be applied and the estimated added value for every activity has to be showed as the assigned roles are showed; cf. [Cooper/Kaplan 91].
Short cycle time
The above mentioned idea that gathering and presenting information about costs does not help much for assessing a business process is also true for temporal aspects. It would be possible to differentiate between a lot of different time aspects (e.g. processing time, queue time, transport time) but this kind of information is not adequate for assessing a conceptual business process model. It is much more interesting to analyse how good some mechanisms -which are able to reduce cycle time -are exploitated. Subsequently, we mention some conditions/requirements which contribute to short cycle time, and we shortly discuss how good these conditions are fulfilled by some examples (cf. figures 2 to 4). Cycle time of a business case may be short if the following requirements are fulfilled:
• Performance measurement activities are inside the business process and near to the performer: None of our example fulfil this requirement -either do not encompass any performance measurement activities or they are not shown at this level of abstraction.
• The proportion of automated activities is high: From a conceptual point of view, RAD as well as Petri-nets are able to show whether an activity is carried out by a human actor or by a machine actor. But at his level of abstraction (cf. figures 2 to 4) we do not have any information about the proportion of automated activities.
• The proportion of parallel running activities is high: By looking at figure 2 we can see that the business process encompass seven activities (communication-oriented activities are not included). Two out of seven activities are carried out concurrently. In other words, the proportion of parallel running activities amounts to 29 percent (2 out of 7 activities). In figure 3 and 4 the proportion are zero percent and 37 percent respectively.
• The proportion of control activities is low: In our examples, the level of abstraction is high; for that reason we are not able to gather this information and to compare the examples under this aspect.
• There are few exchanges of information and material between human actors. Although the concept of roles has been widely accepted by the modelling community, today's business process modelling methods are not able to represent the aspect of exchanges between actors adequately. For getting a better understanding, we look at figure 2 and assume that (1) four actors may be assigned to the role A, and (2) some of the four actors holds other roles as well. Now, we are trying to answer the following question: How many exchanges of information and material between human actors does the business process "Composing and reviewing of a business report" contain? As we can see, we are not able to answer the question, at model level, because we do not have information about the allocations between roles and actors. Is there a possibility for the modeller to get information about the degree of information exchanges? He could transform the model into a simulatable model, i.e. he could generate some hypothetical business cases, allocate the activities to roles and monitor the number of information exchanges needed.
Consistency
A real business process subsumes many rules. These are sometimes referred to as integrity constraints.
In a business process model it may be useful to specify these integrity constraints. An example of an integrity constraint could be that "the total number of actors involved in a business case should not exceed eight persons". The two examples above show that some integrity constraints concern business processes whilst others concern the instances of business processes, called business cases. The first category has to be represented on a business process model level -the second category has to be enforced and maintained on executable level.
An non-observance of integrity rules leads to inconsistent business processes and this may lead to the effect that 'equal' business cases are carried out in a different way. In order to avoid that, we may have the requirement that a business process model defines 'exactly' what process performers have to do while carrying out a business case. To achieve this goal, the granularity on activity level has to be low. That means, we have to break down the activities (at least such activities carried out by humans) in subactivities until we get simple isolated tasks. How can we check if an activity is defined exactly? One probably very subjective way is to ask the potential process performer. If he says "each activity is exactly defined", we may refrain from further activity refinement. Another means which helps to ensure that the business process model is consistent is simulation -to carry out, in a dedicated environment, hypothetical business cases.
In our examples we can just check if the syntax of RAD or Petri-nets is not violated. For more comprehensive tests we need other data/documents, such as Goal-Means-Hierarchy or Input/Output-tables, as well. In general, support and enforcement of integrity constraints is a weak point in most modelling techniques as well as in many process modelling tool and workflow-management-system.
Integrated job
In order to create integrated jobs, four principles may be applied on a conceptual business process model:
• Human actors carry out different activities; i.e. the variety of skills necessary to complete the job is large. There is a belief, that the more fragmented and specialized the jobs are, the less humans are able to carry out different activities. What about our examples? Figures 2 and 3 shows that four roles are involved in one business process. Assuming that each role is assigned to one and only one human actor -this assumption does not correspond with the definition given in section 2 -we see that role A is carrying out six activities (figure 2), respectively two activities (in figure 3) . If we apply the usual role definition, we will not be able to judge, on model level, whether a certain human actor carries out just one or a lot of activities. By looking at figures 2 and 3 as well as figure 4, we do not get any information about the number of business processes one human actor is involved.
• Activities assigned to a human actor are logically linked together. This helps to increase the task identity, it helps to improve the understanding of the work to be done, and it is part of an integral job. Do our examples fulfil this requirement? In figure 4 , we can see that the activities, carried out by an assistant, are only partly linked together: he has to carry out "check credit worthiness", "grant mortgage", and "update customer database". While the first two activities are linked together, the third one is not; he has to update the database in case of a credit confirmation as well as in case of a refusal. On the other hand (on the same example), the secretary carries out quite a few consecutive activities, except "update customer database". One possible solution might be, that the activity "update customer database" is carried out by the secretary instead of the assistant. By this small modification, the job of the secretary becomes more integral while the job of the assistant will not be affected in a negative way.
• Few human actors are assigned per business case. In order to shorten cycle time we may use the principle of parallelism: Instead of proceeding activities in a sequential order we carry them out concurrently. To achieve a maximum degree of concurrency all activities which can potentially be carried out concurrently have to be assigned to different actors. Unfortunately this leads to segregated business processes and to non-integral job. From performer's perspective, one human actor or one team should carry out an entire business case with all the different activities. What does it mean concerning business process models? The proportion of parallel running, non-automated activities will be low. Is this third principle fulfilled in our examples? Although the question is rather trivial, we do not know the answer, because it is unknown how many human actors are allocated to one certain role (e.g. in figure 2, in business case 4711, activity "compose report" might be carried out by Mrs. Glenn, activity "divide report" by Mr. Mellor). Or more general, the number of roles assigned to a business process says few about the number of persons involved in a business case.
• Avoiding leftover allocation strategy. Before activities can be allocated to roles it is necessary to decide which activities should be carried out by humans and which by machines. According to [Bailey 89, pp. 189] we can distinguish between five allocation strategies: (1) comparison allocation: each activity has to be analysed and then compared with established human and machine performance criteria; (2) leftover allocation: as many activities as possible are allocated to a machine and the activities left over are done by humans. Bailey remarks, that this strategy would probably be the most popular; (3) economic strategy: the decision, man versus machine, based completely on financial assessment; (4) humanized task approach: the main goal of this approach is to design meaningful human jobs/ human roles; (5) flexible allocation: humans allocate activities in the system based on their values, needs, and interests. Due to space limitation we resist a further discussion of these allocation strategies. Nevertheless, it seems reasonable to propose that the humanized task approach and the flexible allocation would be the two most appropriate strategies. Which allocation strategy has been applied in our examples? As all activities are still assigned to human actors, we cannot decide whether the leftover allocation strategy or another one has been used. In order to get more information about the applied allocation strategy, we should look at the model at lower level.
High job autonomy
To possess autonomy at work may be very important both in practical terms (being able to complete the task) and psychologically (a sense of self-worth). It is conceptually possible to grade degrees of autonomy available within different process designs. The question we want to discuss is: How can the process model be assessed with regard to the degree of autonomy afforded to the participants?
It seems appropriate that a business process needs not be split-up in many activities. In other words, detailed tailoring of activities is certainly not made by the process modeller in advance but by the process performers. This tailoring may then vary from individual to individual and from business case to business case. The degree of autonomy may also be influenced by the chosen role assignment. In short, in order to increase the autonomy activities should be assigned to teams instead of single actors. These teams may then work in a relatively autonomous way and may decide ad-hoc which activities they want to carry out individually or as a group. Note here that Davenport warns that team structures do not always have a wholly positive impact: "Particularly when teams are cross-functional, members may lack a shared culture, leading to conflict and misunderstanding. (...) Therefore, careful attention must be paid to cultural compatibility issues in selection of team members" [Davenport 93, p. 99] .
From a business process modelling point of view, we may raise the question: Is it possible to estimate the degree of autonomy by looking at a certain business process represented by a conceptual business process model? By looking at our examples we can see that the number of activities is rather low. If the presented models were the final ones, we could say that the first requirement is fulfilled. In contrast, the second requirement (activities should be assigned to teams instead of single actors) would hardly match. Certain, just be looking at the roles' label (e.g. assistant, secretary), we cannot decide whether to subsume a single person or a group. Nevertheless, if activities were allocated to groups the used role label would have different terms. Furthermore, if group played (in our examples) a more important role, the role allocation would be less function-oriented.
To summarize, we want to give a short overview about the usefulness of business process models in order to evaluate processes at pre-implementation level. We start by listing two weaknesses: Business process models provide little help if one wants to check the consistency of a business process or the degree of job integration. A particularity is the fact that the common role concept hides relevant information on actor-level. In contrast, business process models are able to provide strong information if one wants to evaluate process autonomy, job autonomy, and operational costs. Further research has to show which contribution other approaches (e.g. business process simulation) may offer in order to get an integral evaluation of not yet implemented business processes. 
Antithesis
Subsequently, we formulate three antithesis and discuss shortly how they could affect the presented concept.
A) Goals cannot be captured
As we mentioned above, a business process has to fulfil different goals. Some of them we can get by just asking the stakeholders what they want. But there are other goals which are much harder to elicitate. On one hand these kind of goals may be so basic that the stakeholder omit to mention them -until the business process or the IT system fail to deliver them; cf. [Macaulay 96, p. 19] . On the other hand, there are goals which are not so obvious. They may not be elicitated by just asking the stakeholders. More sophisticated techniques, such as observing the behaviour of individuals or groups at work may support the process of goal elicitation. But even these techniques provide little help if the business process is completely new and the potential human actors do not yet exist.
B) Goals are not shared among business process participants
Experiences show, that the process of creating a business process model is a political process. It includes conflicts not only at the goal modelling phase but also at the activity and the role modelling phase. It follows that a requirement engineer should have "... negotiation skills to support consensus building" [Macaulay 96, p. 8] . In order to facilitate the negotiation process, we should first try to elicit a non-conflicting super-goal. Secondly, we could label the conflicting sub-goals with priorities. Furthermore, it is helpful to define thresholds which say to which extent the subgoals must be fulfilled. Another, partial approach to deal with the problem of non-shared goals might be that not just one, but different solutions are being provided. This would mean that different process participants worked in a different way. And generally, the more autonomous the business processes and the higher the job autonomy, the less virulent the problem of non-shared goals becomes.
C) Conceptual business process models are not able to express the main aspects
As we have seen today's business process models highlight certain aspects of the real world and omits others. Whether they highlight the most important aspects or not must be shown by further empirical research. If the shortcomings were of primary importance, the business process community would try to find process models which are more adequate. At least a partial success is not unlikely because we have to be aware of the fact that business process modelling is a discipline with less than ten years experience. On the other hand, there is a potential danger that business process models get more and more extensive and therefore they may become more and more uneasy to understand. In our view it might be more adequate to overcome a potential deficit by applying different approaches -while creating a business process model as well as while evaluating and modifying it.
Summary and future work
What are the strengths of the presented approach?
• The modelling method helps, that the created model is, to a certain extent, consistent; i.e. it helps to make sure that: every functional goal is transformed into at least one activity, that activities, which measure the degree of goal fulfilment, exists, and that every needed input is produced or delivered by another activity.
• Today's modelling approaches do not give enough attention to the evaluation at conceptual level.
Instead, IT-systems are built and the evaluation task is carried out primarily at implementation level. In contrast, we showed how a business process model may be evaluated in an early stage. The advantage is twofold: First of all, errors or inappropriatenesses are detected earlier what may result in fewer costs. Secondly, non IT-relevant aspects (e.g. the way activities are carried out by human actors) can come to light.
Where are the limits of our approach?
• Evaluation is carried out by model inspection. This approach highlights the quality of a business process only partly. Especially role-related aspects do not come to light in detail. To get a more extensive assessment other means such as simulation and organizational prototyping may be needed.
• In order to evaluate business process models, nonfunctional goals have to be elicitated and presented in an adequate way. The process of the evaluation would be supported if we could use at least a semi-formal language.
We have seen that new, not yet operational business processes can be evaluated -but only partly. In order to test various aspects of a new business process (e.g. the fit between IT and work organization) we may develop organizational prototypes. Such prototypes can be seen as small-scale, quasi-operational versions of a new business process and they allow us to simulate different and realistic business cases. The goal of such prototypes is to gradually shape the organizational environment or, alternatively, to revise the IT [Davenport 93, p. 156] . Although the idea of organizational prototypes is several years old, little empirical know how exists. We are convinced that business processes are an ideal test bed for applying the idea of organizational prototypes. In our future work we will create an organizational prototype for validating a new business process. We will carry out this work in co-operation with a Swiss pharmaceutical firm. Other interesting question for further research are the following: What aspects have to be pre-defined -both in the model and in the real process -and what can be left open? Are individual interpretations (by human actors) desirable? How can we manage the problems of incompleteness of information, and the evolutionary nature of a business process? Which functionalities should process modelling tools provide in order to support the process of a comparative model analysis? How can we transform and evaluate a process model into an executable system and has this executable system the same quality attribute as the conceptual model?
To conclude, we would like to quote Trisoglio, an advocate of non-linear approaches: "The complex world has two sides, unpredictibility and creativity, both of which have implications for management. Unpredictibility cannot be avoided, but must be coped with. This means moving away from decision making systems that are based on prediction, optimisation and control, and towards approaches of resilience, flexibility, evolutionary and learning" [Trisoglio 95, p. 25] .
